Abstract Management of wetlands is often constrained by lack of a precise typology of habitats. Regional landscape attributes need to be considered in the integrative research of wetlands to allow habitat-specific management. Here we investigated the distribution and the habitat diversity of the wetlands in the Amazonian Piedmont in the Caquetá Department of Colombia. Based on the landscape approach we combined geomorphic, hydro-chemical and biotic attributes. We used remote sensing based interpretation and ground truth verification. We found 896 wetlands covering up to 11 % of the study area. Our estimate of the wetland area does not reflect the true historic wetland area (occasionally flooded area) because 76.9 % of the flooded active floodplain area has been converted to pastures. Including the pastures the estimated wetland area is 29.3 % of the study region. We identified 7 wetland habitats. The method we applied can be used to map small and middle sized wetlands achieving an acceptable overall accuracy. These wetlands provide important ecosystem services and act as corridors for biodiversity in human-dominated landscapes such as the Caquetá region. Our results provide support for the wise use of tropical wetlands and may help to improve landscape management in the Amazon basin.
Introduction
Lack of knowledge has been identified as one of the main drivers of wetland destruction and an important obstacle in restoration (Adger and Luttrell 2000; Gopal 2005 ). For example, environmental information on the wetlands in the Amazon region is scarce (Junk and Piedade 2004) , and only the Directory of Neotropical Wetlands (Scott and Carbonell 1986) and its update (Canevari et al. 2001) are currently available at the continental level. Previous wetland inventories in countries bordering the Amazonian catchment remain unpublished and are not widely cited (Naranjo 1995; Duque et al. 1997; Diegues 2002; Maltchik 2003) , although wetland inventories and classifications aim at reducing this knowledge gap. Different wetland classification systems have been proposed and the preference for their application varies regionally (e.g., Cowardin et al. 1979; Scott 1989; Brinson 1993; Semeniuk and Semeniuk 1995; Neiff 2001; Brinson and Malvárez 2002) . Among a wide range of regional classification systems for wetlands, the system for Amazonian lowland wetlands, developed by Junk and Piedade (2005) and refined by Junk et al. (2011) is the system that corresponds most closely to the western Amazonian Piedmont region.
In the last decades wetlands have received increasing attention by environmental policy makers, managers and scientists. At present, several wetland definitions exist to fulfill biological, jurisdictional or environmental protection purposes (Mitsch and Gosselink 2007) . Essentially, wetlands are areas where the hydrology is the primary factor controlling the environment and associated biodiversity (Cowardin et al. 1979) . Wetlands are well recognized for their supporting and regulating functions for biodiversity, hydrology and climate (Zedler and Kercher 2005; Mitsch and Gosselink 2007) , and for providing key livelihood for local people, making them irreplaceable for regional economies (Maltby 2009 ). However, due to their ecological and socioeconomic importance, they are areas of high environmental conflict and pressure (Turner et al. 2000) and are among the most threatened ecosystems on earth (Ramsar 2006) . Restoration of wetlands and reversal of wetland loss is one of the key environmental challenges today (Junk 2002; Polunin et al. 2008) .
We chose the Amazonian Piedmont region for our study due to its diversity and the urgent necessity to deliver baseline data for sound environmental management. It is a transitional zone between the Andes and the Amazon rainforest, at an altitude from 300 to 1,000 m asl. It belongs to the Western Amazon Piedmont freshwater ecoregion (Abell et al. 2008) and is characterized by a high biodiversity (Prance 1982; Gentry 1992; Zuluaga 2008) . Therefore it is known as a "biodiversity hotspot" (Myers et al. 2000; Etter et al. 2006b ). In spite of these values, the natural land cover in the Caquetá Department in Colombia has been intensively fragmented since the 1950's due to land conversion for agriculture and cattle ranching (Arcila-Niño et al. 2000; Gutierrez-Rey et al. 2003) . Today, the traditional land use has dramatically changed towards large-scale urban, mining and agricultural development projects (Gutierrez-Rey et al. 2003; Etter et al. 2006c; Malhi et al. 2008) . With increasing human population and ongoing economic growth (Millenium Ecosystem Assessment 2005) , remnant wetlands in such human-dominated landscape face an uncertain future.
In this paper we deliver the first estimates on the distribution and habitat diversity of the wetlands in the Amazonian Piedmont in the Caquetá Department of Colombia. The study, including different methods of remote sensing and ground truth analysis was based on a landscape ecology approach (Wiens 2002) . Thus, wetlands were considered as individual patches of landforms that are embedded into larger, relatively homogeneous units (Amoros and Petts 1993; Brinson 1993; Bedford 1996) , which we homologize with physiographic units (Villota 1992) . The physiographic units provide an integrative view about the hydrology, geology, relief, soils and land cover features that might form wetlands (Bedford 1996) . To delineate wetlands we combined geomorphic (landforms), hydro-chemical (hydrological regime and water type) and biotic (dominant vegetation) attributes, thus allowing us to focus on analysis of "active wetlands". We define active wetlands as landforms saturated with water which support the typical vegetation adapted for life in saturated soil conditions and are embedded within highly anthropogenic landscapes.
We will show that there is a high density of small and middle sized wetlands in the Amazon Piedmont of Colombia, making them a priority for future research and focal conservation targets. There is an urgent need of reconciling the human use and conservation of the biodiversity of these wetlands. The overarching goal of this study is therefore to deliver a scientific baseline for habitat restoration and sustainable management of these wetlands.
Methods

Study Area
The study area covers 242,624 ha located in the upper basin of the Orteguaza River at the Amazonian Piedmont to the Northwest of the Amazon Basin in Colombia (6°0′ N-72°1 5′ W, and 5°45′ N-72°00′ W). The prevailing climate is warm-humid (Caldas-Land Climate Classification, Eslava et al. 1986) , with an average annual temperature of 25.3°C and an average humidity of 85 %. The average annual rainfall is about 3,900 mm, 50 % of which falls from March to July, which corresponds to the wet season. In the dry season, between December and January, rainfall is below 200 mm per month (IDEAM 2011) . This monomodal rainfall pattern, which is affected by the Intertropical Convergence Zone (ITCZ), causes high river levels and overflows in the lowland floodplains during the rainy season, whereas the water volume decreases significantly during the dry season (Junk et al. 1989) (Fig. 1) . The Orteguaza River is a ninth-order stream, with a total length of 200 km and a discharge that ranges from 62.8 to 666.4 m 3 s −1 , with a runoff coefficient of 0.75 (IDEAM 2011) (Fig. 2) . It receives the Pescado, Bodoquero, Fragua Chorroso Rivers (eighth-order streams), the Hacha River (seventh-order stream) and the San Pedro River (sixth-order stream) (Strahler 1952) . Moreover, the area has a high density of first and second order streams. At the scale of 1:100,000 there are two principal physiographic units (IGAC 1999 , Etter et al. 2006a ): (i) the Andean fluvial deposits along streams of higher order (23.8 % of the study area), which includes both the frequently flooded active floodplains and the mainly dry but occasionally flooded floodplains at a time of high water periods, which are still considered "active" by hydrologists (Leopold et al. 1964; Junk et al. 1989) , and (ii) the interfluves, formed by the foothills and hillslopes (76.2 % of the study area) (Fig. 3) . In this area, tectonic and volcanic activities may locally change the course of the rivers. From West to East, river channel structure changes from anastomosing bedrock and gravel-bedded channels to meandering and braided sand channels (Mertes and Dunne 2008) . The active river floodplains are characterized by small and middle-sized aquatic-terrestrial transition zones (ATTZ) of up to 9 km in width. These alluvial overflow plains are flat and convex, corresponding to natural levees. They alternate locally with more elevated areas of rectilinear and rectangular drainage patterns. These drainage areas have structural and depositional control with low terraces (2-5 m) and with flat-concave, flat-convex areas with slopes <3 % and high sediment accumulation. Soils that are present are finemiddle textured, slow-imperfect drained and highly acid with low-moderate fertility (IGAC 1999) . In the interfluves the landscape is rolling and undulated with irregular slopes (30-80 m, 7-25 %) and interspersed by small and narrow Vshaped valleys with flat bottoms. The lower parts of this undulated landscape may be subject to periodic flooding. While erosion due to water in naturally covered areas is moderate, erosion by livestock grazing and trampling is strong in artificial pastures. Soils are characterized by medium to moderate deep, coarse texture, rapid drainage, high acidity, and low to moderate fertility. The entire area is covered by Upper Tertiary and Lower Quaternary lacustrine and glacial deposits of clays, silt and sandstones (IGAC 1999) .
Data Sets
Two Landsat satellite images were obtained from the Global Land Cover Facility of the University of Maryland (GLFC, http://glcf.umiacs.umd.edu/index.shtml) to produce the physiographic and wetland maps. Cloud-free images (less than 10 %) were available that visually revealed seasonal differences for discriminating water and vegetation categories for the two hydrological periods: (i) low-water: TM 8-59 from December 1989 (mean water level 244 cm, IDEAM 2011) and (ii) fallingwater: ETM + 8-59 from October 2002 (mean water level 403 cm, IDEAM 2011), with a pixel resolution of 30×30 m (Table 1) . To improve the images for visual interpretation, contrast (histogram equalization) and spatial enhancement (high pass filters) techniques were applied. Additionally, we calculated the Optimum Index Factor (OIF), to choose the best combination of three bands in each satellite image and create the optimal false color composites. As a result, we obtained two composites: 453 (RGB) and 457 (RGB). Both composites showed good results for visually discriminating the wetlands from the surrounding landscape, because the infrared bandsred (band 3), near-IR (band 4) and mid-IR (bands 5 and 7) -highlight the land-water boundaries with great precision due to the strong absorption capabilities of water (Frazier and Page 2000; Jensen 2000; Hui et al. 2008) . With these band composites the vegetation shows a variation of greens, oranges and browns, and the water appears as the darkest tones.
Using bridges, villages and cross sections of roads (obtained from base maps No. 432/1985 , No. 433/1988 , 413-414/1998 as control points, the images were georeferenced with a maximum mean-error (RME) of 0.1 pixels. Additionally the SRTM 90 m digital elevation model obtained from the CGIAR-CSI Consortium for Spatial Information (http://srtm.csi.cgiar.org/) was integrated into the data set. Based on it, we calculated the order of the streams (Strahler 1952 ) by using ArcGis Spatial Analyst 10.0 (ESRI 2011). We also used existing ancillary data on geology, relief, soils, hydrology, and land cover (IGAC 1979; Saldarriaga and van der Hammen 1993; IGAC 1999; IDEAM 2011) (Table 1 ).
All GIS data were projected using the International 1924 Ellipsoid with the Bogotá Datum. Digital image processing and general mapping was undertaken using ILWIS 3.1 (ITC-ILWIS 2005) and ArcGIS 10 (ESRI 2011). All data were analyzed using SPSS (ver. 17).
Wetland Mapping
In this process we used the visual interpretation technique based on tone/color, shape, texture and spatial pattern elements of the satellite images (Jensen 2000) thereby avoiding some classification problems experienced with 30-meter satellite images. This allowed us to delineate wetlands of small size and to classify accurately the land cover to their interior. To produce the wetland map we conducted the following steps:
a. The physiographic units comprising the study area were mapped at a scale of 1:100,000 using the 457 (RGB) false color composite from Landsat image 859/ 2002 and ancillary reference data (Table 1) : (i) the Andean fluvial deposits along higher order streams forming the active floodplains, and (ii) the interfluves consisting of foothills and hillslopes; b. The individual landforms where the wetlands occur were delineated including: V-shape valleys, oxbows, islands, and meander scroll bars. The topography of the meander scroll bars, characterized by ridges and swales (Charlton 2008) , allows the formation of lakes that are partially interconnected; thus, in this study this landform is referred to as wetland complexes, and the oxbows as lakes. The V-shape valleys in the interfluves were assigned as marshes or riparian wetlands. The contours of the water bodies were digitized from • The hydrological regime was divided into permanently and periodically waterlogged classes according to Junk et al. (2011) . The classes were determined by multi-temporal visual interpretation using the two sets of the 453 (RGB) color composite of the Landsat images from 1989 (low-water) and from 2002 (falling-water). When the same water body appeared dark (water-covered) in both images, then it was classified as permanently waterlogged. Water bodies presenting a dark area during one of the images and a clear area during the other were classified as periodically waterlogged. These first attributions were confirmed by local climatic and hydrologic data.
• The water type was classified as white, black, or clear according to the existing classification system for the Amazonian waters (Sioli 1950; Junk and Furch 1985) . White water is turbid with a high concentration of suspended silt solids, has low transparency (Secchi disk depth: 20-60 cm) and pH is near neutral. Black water is also turbid, brownish with middle transparency (60-120 cm) and pH ranging from 3.7 to 4.9. Clear water is green to olive-green, very transparent (>150 cm), and pH ranges from 5 to 8 (Sioli 1984; Junk et al. 2011) . Here, we assigned clear water for the rivers of Andean origin (6th and higher order streams) and black water for the lower-order streams of Amazon origin and for other isolated wetlands.
• The predominant vegetation physiognomy prevailing at the interior area of the wetland was attributed to: (i) grassy shrub areas (further referred to as marshes) and (ii) woody areas (referred to as swamps), according to Mitsch et al. (2009) . For this purpose, the 453 (RGB) false color composite from 2002 was visually interpreted based on shape, texture, tone/color and pattern elements. d. Establishment of the classes for the classification of the major wetland habitats based on the previous attributes: -V-shape valley + periodically waterlogged + black water + grassy shrub vegetation: interfluvial grassy shrub marsh (M), -V-shape valley + permanently waterlogged + black water + woody vegetation: riparian wetland (RW), -Meander scroll bars + periodically waterlogged + black water + grassy shrub vegetation: periodically waterlogged grassy shrub wetland complex (CG), -Meander scroll bars + permanently waterlogged + black water + woody vegetation: permanently waterlogged woody wetland complex (CW), -Oxbow + permanently waterlogged + black water + grassy shrub vegetation: permanently waterlogged grassy shrub oxbow lake (OG), -Oxbow + permanently waterlogged + black water + woody vegetation: permanently waterlogged woody oxbow lake (OW), -Island + periodically waterlogged + black water + grassy shrub vegetation: periodically waterlogged grassy shrub marsh on islands (MI).
Assessment of Accuracy of the Classification
We performed two field trips to assess the accuracy of the wetland habitat classification. In November 2002, corresponding to dry season and decreasing water regime, we sampled the vegetation structure and water chemistry in 18 wetlands that were selected based on a stratified random sampling design. The vegetation samples were collected in areas that represented natural state covering several successional stages. We described the vegetation cover and understory including the most conspicuous aspects such as large dominant species, general plant height and density of the entire wetland area. Further analyses to establish the dominant floristic classes, based on the floristic composition and species abundance (Bray and Curtis 1957; Odum 1983; Duivenvoorden 1996) were performed. Water was sampled to define the predominant water type based on physical and chemical parameters (concentration of dissolved solids, oxygen concentration, pH and transparency). These 18 wetlands were used in the initial wetland classification. In March 2012, a much larger additional stratified random sample of 118 wetlands was visited for further validation of the wetland classification. This sample corresponded to 13.2 % of total number of mapped wetlands (N0896). Six of these wetlands were included in the sample of 18 wetlands that were sampled previously in year 2002.
Based on estimates provided by Meidinger (2000) for the approximate minimum sample sizes for map accuracy assessment, the sample from 2012 was considered to be sufficient to estimate the accuracy of wetland classification with 95 % confidence and 4 % maximum error. An error matrix was constructed to compare classified data with the reference data, and overall accuracy, producer accuracy, user accuracy (Story and Congalton 1986; Congalton 1991; Carle 2011) , and Kappa statistic (Congalton 1991 (Congalton , 2001 were calculated. Overall map accuracy was calculated by dividing the total number of correctly classified polygons by the total number of reference polygons in the error matrix, and accuracy of the individual habitat classes was measured by calculating the producer's accuracy (errors of omission) and user's accuracy (errors of commission) (Story and Congalton 1986). Kappa (k-hat) is another multivariate technique to assess the accuracy (Congalton 1991) . The K-hat coefficient (Bishop et al. 1975) measures the difference between the observed agreement and the agreement expected by chance (Congalton 1991) . It ranges from 1 to −1 with one representing perfect agreement and with minus one representing no agreement among the classified and reference data. Additionally, we calculated the 95 % confidence intervals for each producer and user statistics according to the formula (Carle 2011) :
where n is the accuracy of the individual habitat classes and N is the total number of the reference polygons for each habitat class. For comparison, we calculated the producer and user accuracy, Kappa and confidence intervals also for the smaller sample of 2002 (Table 2) .
We suspected that the assessment based on the sample from 2012 might have suffered from errors that were due to change in the wetland type that was either natural or human caused as there was 10 years between the actual classification (year 2002) and ground validation (year 2012). To evaluate such bias one would need to know which wetland types were most likely affected by natural succession or human activities. To achieve this, we compared the classification results of those six wetlands which were visited in both 2002 and 2012, as any difference in classification for these wetlands would result from natural successional process or human activities. This comparison, although based on a small sample, helps in identifying which wetland types were most likely to change by human activities or natural succession over the 10 year time period.
Results
Assessment of Accuracy of the Wetland Classification
When the sample of 2012 was used to evaluate the accuracy of classification, we found that the overall accuracy was 62.7 % (95 % CI0±8.7) with a K-hat coefficient of 0.48 (Table 2) . When we used the 18 wetlands that were sampled in 2002 the overall accuracy was higher: 77.8 % (95 % CI0±19.2) and Khat coefficient of 0.72, although the sample size was small. When we compared the wetland class of those wetlands that were visited in both 2002 and 2012 (N06) we found that four of them had changed status and two remained the same. Those that changed were either grassy marshes that had become forested and classified now as riparian wetlands (N02) or riparian wetlands that were deforested by human activities (N02).
For the 2012 accuracy assessment, permanently waterlogged grassy shrub oxbow lakes (OG) had the highest producer and user accuracy (100 %). For the producer accuracy, periodically waterlogged grassy shrub wetland complexes (CG) and permanently waterlogged woody wetland complexes (CW) presented the highest measure (100 %), with lower values for the periodically waterlogged grassy shrub marshes on islands (MI) (84.6 %) and the permanently waterlogged woody oxbow lakes (OW) (50 %). Low measures for producer and user accuracy indicate that riparian wetlands (RW) and interfluvial grassy shrub marshes (M) were the most often confused among themselves (riparian wetlands: 56.5 %, 79.55 %; interfluvial grassy shrub marshes: 59.1 %, 32.5 %, respectively). Such a disagreement was produced by changes in the vegetative cover, deforestation or regeneration, as was expected given the time difference between both sample periods (10 years). In addition, user accuracy indicates that permanently waterlogged woody oxbow lakes (OW) and the periodically waterlogged grassy shrub marshes on islands (MI) were rarely confused (100 % and 78.6 %, respectively). The last wetland habitats, the periodically waterlogged grassy shrub wetland complexes (CG) and the permanently waterlogged woody wetland complexes (CW) had low user accuracy (33.3 % and 50 %, respectively).
Distribution of Wetland Habitats
The final wetland map (Fig. 4) presents the distribution of the well discernible wetland habitats for the Orteguaza River catchment, accounting for a total of 896 active wetlands. These cover 26,485 ha, with minimum and maximum wetland sizes of approximately 0.37 ha and 2,399 ha, respectively. Riparian wetlands (RW) represented the most abundant habitat with an estimated 35.2 % (7,180 ha) of the total wetland cover, followed by interfluvial grassy shrub marshes (M) 26.6 % (5,969 ha), periodically waterlogged grassy shrub marshes on islands (MI) 14.4 % (547 ha), periodically waterlogged grassy shrub wetland complexes (CG) 7.5 % (6,541 ha), permanently waterlogged grassy shrub oxbow lakes (OG) 6.5 % (597 ha), permanently waterlogged woody oxbow lakes (OW) 6.1 % (452 ha) and permanently waterlogged woody wetland complexes (CW) 3.8 % (5,199 ha) (Table 3) .
In relation to the physiographic units, wetland distribution had a larger concentration of wetlands in the river floodplains compared to the interfluves. The entire study area (242,624 ha) was comprised of 23.8 % river floodplains (57,777 ha) and 76.2 % of interfluves (184,847 ha). In the river floodplain area we found 13,336 ha of active wetlands and they covered 23.1 % of the entire floodplain. The remaining floodplain area (44,441 ha, 76.9 %) corresponded to the occasionally flooded parts of the floodplain. These areas are currently covered by pastures. Pastures in this region were wetlands, but have now been drained and converted to agriculture lands. In the interfluves only 7.1 % is covered by wetlands (13,149 ha).
Description of Wetland Habitats
Interfluvial Grassy Shrub Marshes -M This wetland habitat is located in the interfluves, along the loworder streams and is periodically waterlogged. Interfluvial marshes occur in the small and narrow V-shaped valleys with flat bottom, with size ranges from 0.61 ha to 574.3 ha (mean 25.08 ha, Table 3 ). This habitat is dominated by grasses, especially Hymenachne amplexicaulis (West Indian Marsh Grass) and Cyperus sp., which have been planted by the ranchers as pasture for livestock. They are locally called "Chuquias".
Riparian Wetlands -RW
This habitat is located along the low order streams (1st-5th order streams) of the interfluve in the elongated and narrow V-shaped valleys and channels with flat bottom. They were classified as permanently waterlogged; however they may be also seasonally flooded for a short period after the rainfall. The area of the riparian wetlands ranges from 1 ha to 874.8 ha (mean 22.8 ha, Table 3 ). They are called locally "Bosques riparios" and are floristically diverse. The canopy is open with an average height of 7 m. The dominant plant species are Astrocaryum murumuru, Hyeronima alchorneoides, Mabea nitida, Croton binocularis, and Pollalesta discolor. The understory is dense and diverse with presence of Araceae lianas and ferns such as Adiantum murumuru and A. terminatum.
The category RW also comprises the Mauritia flexuosa palm swamps. The mapping method we used did not allow for us to differentiate between the riparian wetlands and the Mauritia flexuosa palm swamps, and further studies will be needed to separate these categories in the maps. Ground truthing showed clear differences given by structural and floristical features. In the Mauritia flexuosa palm swamps, the canopy is overall dense to semi-open with an average height of 8-10 m and consists-apart from the dominating palm-of species such as Iryanthera tricornis, Pachira aquatica, Fig. 4 Map showing with dots the location (centroids) of the wetlands inventoried and classified in this study. Abbreviations: M 0 Interfluvial grassy shrub marshes, RW 0 Riparian wetlands, CG 0 Periodically waterlogged grassy shrub wetland complexes, CW 0 Permanently waterlogged woody wetland complexes, OG 0 Permanently waterlogged grassy shrub oxbow lakes, OW 0 Permanently waterlogged woody oxbow lakes, MI 0 Periodically waterlogged grassy shrub marshes on islands Pachira minor, Zygia latifolia, Spathyphyllum cannaefolium, Urospatha sagittifolia, and Adiantum terminatum. This wetland type is locally called "Cananguchal".
Wetland Complexes (CG and CW)
This habitat is related to the meander scroll bars, which are generally located on the frequently flooded active river floodplains along the higher-order (6th and higher order) rivers. Their quantity and size increases considerably in the direction towards the South of the Orteguaza River basin, specifically at the confluence of the higher-order rivers (Fragua Chorroso, Pescado, Bodoquero and San Pedro) and the Orteguaza River. The flood amplitudes at the Orteguaza River reach up to 9.70 m (Fig. 1, plot 1) upstream and 6.64 m downstream (Fig. 1, plot  3) , at the San Pedro River up to 6 m and at the Bodoquero River up to 3.7 m (Fig. 1, plots 4 and 5). In this category are included:
-Periodically waterlogged grassy shrub wetland complexes (CG)
These wetland habitats are of large size (mean 97.63 ha, min. 0.4 ha, max. 1,455 ha; Table 3 ). The vegetation is characterized by an open canopy with a maximum height of 7 m. They are floristically less diverse and the dominant plant species are Croton binocularis, Pollalesta discolor, Inga gracilior and Siparuna guianensis. The understory is open and characterized by shrubs with associations of Tournefortia cuspidata, Clidemia hirta and grasses such as Andropogon bicornis. Locally these wetlands are called as "pantanos".
-Permanently waterlogged woody wetland complexes (CW)
These wetlands are the largest in the study area (mean 153 ha, min. 1.62 ha, max. 2,399 ha; Table 3 ). The vegetation is characterized by a dense and highly diverse canopy with 7-8 m of average height and consists of species such as Hyeronima alchorneoides, Inga nobilis, Astrocaryum murumuru, Euterpe precatoria, Parkia multijuga, Neea divaricata and Diclinanona tessmannii. The understory is also dense and diverse with species of Montrichardia linifera and Cyathea pungens. The open water surfaces of the wetlands are densely colonized by macrophytes, e.g., Urospatha sagittifolia or the aquatic grass Becquerelia cymosa. These wetland complexes are called "bosques inundables" (floodplain forests).
Oxbow Lakes (OG and OW)
The oxbow lakes, which are called locally "madre viejas" or "lagunas", are especially located at the confluences of the Orteguaza, Pescado, Bodoquero, San Pedro and Hacha Rivers. The flood amplitude at the Hacha River reaches up to 3.7 m (Fig. 1, plot 6 ). This category includes two habitat classes according to the predominant vegetation type in their fringes: Table 3 ).
-Permanently waterlogged woody oxbow lakes -OW The vegetation of these wetlands consists of a dense overstory with medium size species (6 to 7 m) of Cecropia distachya, Sapium glandulosum, Guarea kunthian, Inga cayennensis, Miconia trinervia, Annona sp., Abarema jupunba, Euterpe precatoria, Zygia latifolia and Miconia tomentos. The understory is sparse with species of Hedychium coronarium and Senna reticulata. Their size ranges from 0.7 ha to 48.2 ha (mean 8.22 ha, Table 3 ).
Periodically Waterlogged Grassy Shrub Marshes on Islands -MI
The islands in the study area are characterized by the presence of periodically waterlogged marshes, which are predominantly covered by grassy shrub coverage, with low species diversity due to high anthropogenic intervention. The local ranchers have converted most of these marshes to pasture and have planted non-native species like Desmodium adscencens, Cyperus luzulae, Cyperus odoratus and Hymenachne amplexicaulis (West Indian Marsh Grass) as fodder and Zygia cataractae trees to provide shade for their livestock. Islands size ranges from 0.54 ha to 54.2 ha (mean 4.24 ha, Table 3 ).
Water Chemistry
By comparing our results of water chemistry with the existing water parameters previously reported for Amazonia (Sioli 1950; Junk and Furch 1985) , we found that black water type is the most prevalent for all wetlands, followed by the clear water type present in all higher-order streams (Orteguaza, Pescado, Bodoquero, Fragua-Chorroso, and Hacha Rivers). In general, the water chemistry of the wetlands showed low concentration of dissolved solids (7-29.2 μS.cm −1 ), low oxygen concentrations (0.9-6.82 mg/l), slight tendency towards acidity (4.7-6.7) and high transparency (Secchi disk depth up to 1.5 m).
Discussion
Our results confirm that the combination of remote sensing and field validation is a powerful method for wetland mapping and can be applied for wetland classification at the regional level (Ozesmi and Bauer 2002; Rebelo et al. 2009 ). This conclusion is supported by the multidimensional approach we applied, where we analyzed the physiographic units and the landforms where the wetlands may occur, the regime of the water among two different time periods, the water type and the dominant vegetation associated with the wetlands. Such conceptualization stems directly from the more traditional wetland definition (Cowardin et al. 1979; and ensures that the remotely mapped patches were active wetlands in the first place.
In this study, we give the first estimates of wetland area, number and diversity for the Amazonian Piedmont in the Caquetá region of Colombia. The geomorphologic and vegetation features of the landscape outline different types of wetland habitats, which we classified into 7 classes. We achieved an acceptable level of accuracy for the wetland habitat classification, indicated by an overall accuracy of 77.8 % and a Khat estimate of 0.72 based on the 2002 sample of 18 wetlands (Table 2 ). In the sample of 2012, 10 years after the images used for classification were recorded, we found most disagreements in the classification accuracy between grassy marshes and woody riparian wetlands, which were the habitats most likely affected by human deforestation and natural regeneration of vegetation ( Table 2 ). The other wetland habitats were well classified as indicated by high values of producer and user accuracy ( Table 2) .
All the 7 wetland habitat classes in our study are compatible with the wetland types described by Cowardin et al. (1979) and Scott (1989) . Importantly, our results encourage the use of the dominant floristic groups for the determination of the name of the wetland classes, as suggested for South America by different authors (Junk 1993; Clausen et al. 2006; Junk et al. 2011; Nunes da Cunha and Junk 2011) . This approach complies with the local wetland names and their descriptors at the regional scale, which is essential for conservation purposes (Finlayson and van der Valk 1995; MacKay et al. 2009 ) and for sustainable management (Wantzen et al. 2008) . The wetland types found in our (locally restricted) inventory are consistent with those defined by the classification scheme of Junk et al. (2011) , who have summarized empirical data on a much wider spatial scale for the Amazonian lowlands. In both studies, the wetlands found in the lower end of the altitudinal gradient in the Andean alluvial deposits are characterized by a monomodal flood pulse, influencing both their morphology and water chemistry, whereas the wetlands found in the interfluves are characterized by polymodal flood pulses.
Methodologically, our system has parallel features with the classification schemes for Canada (Zoltai and Vitt 1995; Warner and Rubec 1997) , especially with respect to the hydro-geomorphic attribute, where the landform is the starting element for wetland identification at the patch level. This attribute also provides key knowledge on the relief and hydrology prevailing in the wetlands, both of which are important aspects for determining the source, storage and transport of the water (Brinson 1993; Bedford 1996) .
Our results show that geomorphic and vegetation attributes are reliable attributes in differentiation among wetland types. Main inconsistencies in forest species discrimination occurred due to the low spatial resolution of the satellite images (pixel size: 30 m). This was clearly shown for the permanent swamps dominated by woody vegetation (Riparian wetlands), which were classified under a single vegetation class (woody). However, ground validation revealed two distinct floristic and structural groups mixed in the same class. It was essential to describe both types separately due to their high representativeness and because of their importance in the functioning of the streams and other aquatic ecosystems in the region. Such problems and other research questions related to wetland connectivity, landscape configuration, delineation and characterization, can be avoided with higher quality images (Frazier et al. 2012) .
Wetlands are intensively used for agriculture worldwide. The Amazonian Piedmont in Colombia is a region in which the natural land cover has been severely fragmented and transformed to agriculture during the last century, mainly for cattle production, with little consideration for the preservation of the natural coverage. The ecosystem services provided by wetlands, specifically the provisioning of water and high productivity, bring wetlands more and more into reach of agricultural use during the process of intensification of land use. This development is often detrimental for the maintenance of these services and for the organisms that provide them. Apart from their short-term use for irrigation and fodder production, wetlands offer important functions for biodiversity and carbon storage, especially the small riparian wetlands in agricultural areas of the Neotropics (see Junk 2000 and Wantzen et al. 2012 , for reviews). Their small lateral extension makes them specifically vulnerable and makes enforcement of protective laws difficult. Therefore it is very important to communicate the importance of wetlands for the long-term stability of natural and agricultural landscapes to stakeholders.
We found that wetland drainage and conversion to pastures was the main driver for loss of wetlands. Specifically, 76.9 % of the estimated floodplain area within the study area is currently pastures indicating that they have already been drained, logged or otherwise converted for agricultural use. This dramatic decrease of original floodplain area appeals to a significant improvement of political actions to protect the still existing floodplains, and to restore at least parts of the degraded areas. Additionally, our vegetation data indicate a high presence of wetland weeds resulting from the intensive agriculture in this region. Planted or invasive weeds such as Desmodium adscencens, Cyperus luzulae, Cyperus odoratus and Hymenachne amplexicaulis (West Indian Marsh Grass) further change the characteristics of these habitats. Therefore, we consider it as a priority to include these remnant patches of wetlands into the focus of conservation efforts. For example the creation of a specific wetland management area in the Orteguaza River catchment, involving local stakeholders, policy-makers and scientists would be ideal to capture what is left of natural wetlands in this region. Likewise, we argue for the technical revision of the existing laws and regulations to conserve and to protect the wetlands in Colombia. There is a need to expand buffer zones around the wetlands based on the area flooded during the highest water level, and according to the order of the streams and the landscape patterns of each type of wetland habitat. This point is of utmost importance, considering firstly that global climate change scenarios predict an increase in extreme flood events, which will likely cause flooded areas more frequently and deeper than before. Secondly, in South America there is a strong pressure from the agro-industrial groups to use wetlands for agricultural production and development of large-scale infrastructure projects. For example, in Brazil, the old forest code defined wetlands as the area flooded during highest water level. Because of pressure from the agro-lobby, the new forest code (Nazareno et al. 2012 ) is defining wetlands now at the lowest water level, which leaves most of the wetland area unprotected. It has to be expected that the same may happen in other South American countries (W. Junk, Plön, pers. comm.) . Moreover, the entire eastern part of Colombia has recently become a focus of interest for mining of metals, which causes additional concern for the conservation of the natural landscape structure including its wetlands (Lasillavacia 2012) .
Based on the existing literature, very little is known about the wetlands in the Amazonian Piedmont. One can expect significant differences in wetland landscape patterns between the upper, middle and lower sections of the Amazon catchment. Further studies are needed in order to increase the knowledge about wetlands and their natural resources. A multidimensional research approach, as the one applied here, can provide reliable information for development of better management and recovery plans, which are based on scientific knowledge of each type of wetland habitat.
